serious contamination of higher oxides of nitrogen in nitrous oxide.
Dr W D A Smith (Department ofAnwsthesia, University ofLeeds) History ofImpurities in Nitrous Oxide" Davy (1800) recommended preparing nitrous oxide by heating ammonium nitrate to only 204°C; he allowed the gas to stand over water for at least an hour before breathing it. He knew that nitric oxide was evolved at higher temperatures and that this was potentially dangerous.
Andrews (1868) appreciated that success in using oxygen with nitrous oxide was limited by dilution with nitrogen, so he suggested purification by liquefaction. This was soon achieved commercially but it did not solve all the problems of purification. Roberts (1884) , for example, improved commercial gas by letting it stand over water and concluded that it was supplied impure and that chemical tests of purity were unreliable.
Ill effects attributed to the administration of nitrous oxide led Hart & Minshall (1914) to analyse samples of the gas and to review its manufacture, purification and administration, its likely contaminants and their toxic effects. They concluded that: 'Considering the short interval of time that nitrous oxide was inhaled for anwsthesia, the minute amounts of gaseous impurities found in the samples examined were, in general, too small to have any effect on the person.' Nonethe-less they recommended that the gas should contain at least 98 % nitrous oxide, and not more than 10 ppm of nitric oxide.
The concept of anoci-association developed by Crile (1911) at Lakeside Hospital, Cleveland, encouraged more prolonged administration of nitrous oxide. The gas was made on the premises and Warner (1915) reported its variable toxicity. This caused one death and produced a cyanosis which persisted despite oxygenation. He described steps taken to eliminate impurities from gas prepared in the Hospital and commercially.
'For a full account see Brit. J. Anarsth. 1967, 39, 351 A report, by a British antsthetist, of ill effects of administering nitrous oxide to 6 patients, accelerated the formation of the Joint Anmthetics Committee of the Royal Society of Medicine and the Medical Research Council in 1924. Its first report (Hadfield 1926) described persistent cyanosis despite oxygenation, and also three consecutive nitrous oxide anesthetics administered to children which resulted in circulatory collapse. These signs were consistent with the administration of higher oxides of nitrogen, although none was detected at the time.
The Committee recommended that gas should contain at least 95 % nitrous oxide, yet 93 % was allowed by the British Pharmacopoeia in 1932. This was raised to 95% in 1948 and to 99% in 1953. The permissible concentration of nitric oxide remains unspecified.
Professor John Clutton-Brock (Department ofAnasthetics, University ofBristol) ' The Nitrous Oxide Incident' Early in September 1966 three cases of poisoning by higher oxides of nitrogen occurred during aneesthesia with nitrous oxide and oxygen. I was the aneesthetist concerned in two of these cases. Poisoning in each of these two cases was characterized by the onset of cyanosis after a few minutes of inhalation of the nitrous oxide and rapid circulatory collapse with marked hypotension. This was followed some hours later by respiratory difficulty with pulmonary cedema. The first case anmsthetized was, initially, thought to have had a pulmonary embolus. A sample of arterial blood, taken for estimation of oxygen saturation, was noticed to have a distinct brownish colour. This patient, a few days previously, had had a lymphangiogram with a radio-opaque solution containing chlorophyll. It was suggested that the chlorophyll was responsible for the "For a full account see Brit. J. Anasth. 1967, 39, 388 brownish discolouration of the blood. During pulmonary angiography to investigate the possibility of a pulmonary embolus, the second case was anmsthetized and again showed the rapid onset of cyanosis. It was thus obvious that poisoning had occurred. Some hours later, it was shown that the nitrous oxide cylinder used contained a high concentration of nitric oxide. In both cases the cyanosis was caused by methwmoglobinxmia which was rapidly relieved by the intravenous injection of methylene blue. The first patient died, some eighteen hours after the start of the anesthetic, from respiratory insufficiency, despite mechanical ventilation. The second patient, who had inhaled the contaminated gas for only three to four minutes, had some respiratory difficulty but made a rapid and uninterrupted recovery. It became known later that a third case of poisoning had occurred in the Region. This case was not diagnosed at the time, because there was a very reasonable co-existing cause for the cyanosis which occurred when the anasthetic was given. This patient also died later from respiratory inadequacy.
Professor J F Nunn and Dr R Greenbaum (Department ofAnasthesia, University ofLeeds)
The Effects of the Higher Oxides of Nitrogen on the Aniesthetized Dog'
There is a wealth of information on the effects of prolonged inhalation of the higher oxides of nitrogen in concentrations of less than 0-01 % (von Oettingen 1941 , Becklake et al. 1957 , Gray 1959 , Patty 1962 , Stokinger 1965 ). These contaminants are of importance as an industrial hazard in the manufacture of rocket fuels and explosives, in mining and silo-filling. However, the toxic effects described do not accord with the clinical descriptions of patients who inhaled gas from contaminated nitrous oxide cylinders. One firm observation made in such cases has been the development of cyanosis, unrelieved by 100% oxygen, within five minutes of commencing anesthesia. It was later confirmed that this was due to methaemoglobinemia (Clutton-Brock 1967) . To produce such rapidly developing changes, it can be calculated that a contamination of the order of 1 % nitric oxide or nitrogen dioxide is required. We therefore studied the effects of 01-2% concentrations of the higher oxides of nitrogen on the an,esthetized dog.
'For a full account see Brit. J Anasth. 1967, 39, 393 Twelve dogs were given pentobarbitone an2sthesia and to each was administered either nitric oxide or nitrogen dioxide from cylinders containing the pure gases. A non-survival series consisted of 8 dogs. Three dogs (one receiving 0-1 % NO2, and 2 receiving 2 % NO) were allowed to breathe spontaneously and 5 were given artificial ventilation. In addition a survival series of 4 dogs were given 05 % nitrogen dioxide for periods ranging from five to forty-five minutes; all were allowed to breathe spontaneously. 100 % oxygen was used as the carrier gas except for one experiment in which 2% NO was administered in 30% oxygen in nitrous oxide.
In every experiment in which 05 % or more of either contaminant was administered, the appearance of cyanosis of the tongue was noted within minutes of commencement of the exposure. In each case this was due to methimoglobin rather than desaturation. The rate of methmmoglobin formation appeared to increase with the concentration of higher oxide, whether nitric oxide or nitrogen dioxide was administered, and responded to therapy with intravenous methylene blue (1-2 mg/kg) by almost complete reconversion to hemoglobin.
Respiratory acidosis occurred in all dogs breathing spontaneously and carbon dioxide retention was only partially controlled by the use of artificial ventilation. All dogs had a progressive nonrespiratory acidosis, not apparently associated with an increase in lactate but probably caused by the liberation of hydrogen ions from the production of nitrous and nitric acids.
A catastrophic fall in arterial oxygen tension occurred in all dogs inhaling 0-5 % or more of either higher oxide, which, coupled with methamoglobin formation, led eventually to fatal falls in arterial oxygen content.
Arterial blood pressure fell dramatically within three minutes of exposure, except in the case of the dog given 0 I% nitrogen dioxide; the hypotension was usually associated with bradycardia.
In one experiment in which 2 % NO was administered, compliance and airway resistance were measured using the timed constant flow or 'pufflation' method (Don & Robson 1965 , Hargreaves 1965 . Compliance fell from 55 to 28 ml/cmH2O, and airway resistance increased from 2 to 16 cmH2O/l./sec. The inhalation of the higher oxides of nitrogen produced pulmonary cedema in every dog, which was so gross in some cases as literally to pour from
